The present study aims to evaluate the impact of the use of these different methods in the determination of plasma sodium and potassium.
| INTRODUC TI ON
Hydroelectrolytic disorders are very common in many clinical and surgical situations, and may be fatal if not corrected. Thus, adequate determinations of these disorders are extremely important such as those involving plasma sodium (Na + ) and potassium (K + ) assay. 1 Sodium is a fundamental ion in organic function and represents most frequent ion in extracellular fluids, with a concentration rate between 135 and 145 mEq/L. [2] [3] [4] [5] Among disorders caused by changes in serum sodium concentration, hypernatremia has a low frequency and is well tolerated and usually requires simple therapeutic procedures. 6, 7 However, hyponatremia, a major hydroelectrolytic disorder in the hospitalized individuals, is associated with a series of unfavorable outcomes such as intensive care unit hospitalization, prolonged hospitalization, both increasing treatment costs and mortality. In addition, inadequate management of a hyponatremic patient can induce severe neurological damage and even death. 4 Potassium is the second most abundant cation in organism.
It represents main intracellular ion with 98% found inside cells (140-150 mEq/L), especially in skeletal muscle 8 and its plasma concentration is between 3.5 and 5.5 mEq/L. [8] [9] [10] Disorders in the potassium homeostasis are frequent, especially in hospitalized patients under different medicines treatment. As the potassium concentration in human serum is small a physiological tolerance to these changes is small too. 9 Although low serum potassium is the disorder most commonly diagnosed by physicians, the hyperkalemia as important as it. 8 As exposed, sodium and potassium are essential electrolytes for human homeostasis and its level changes can induce serious complications to the patient. Thus, when most precise, sensitive and/ or specific is the method to ions determination, more subsidies the medical clinic will has for correct interventions. Among the possible methods for sodium and potassium determinations we have flame photometry, ion-selective electrode (ISE), and enzymatic colorimetric method.
Flame photometry is one of the oldest direct potentiometric methods commonly used to measure the concentrations of sodium, potassium, and lithium in serum and urine samples. The flame photometry principle is based on chemical property of alkaline-earth metals on high temperatures absorbed energy from heat source being conducted to state of excitation in their atomic form. When they return to initial energy state the radiation is release at specific wavelengths being some in region of the visible spectrum. Thus, the emission is proportional to concentration of ions present at the study sample. If an appropriate photodetector is placed behind the filter, an electrical signal is obtained being proportional to concentration of element in solution. 11 The flame photometer for use in human samples represented a major advance in laboratory routine and has been presented as a convenient method. This has made possible Na + and K + analysis in a shorter time using small blood and urine samples.
12
The ISE method consists in the use of specific membranes to ions Na + and K + . This methodology form a potential by difference in concentrations each side of membrane. In this system two electrodes should be used where the reference electrode having constant potential. The selective electrode for an ion develops a voltage that varies with sample concentration. Thus, from difference between the potentials of the reference electrode and the measuring electrode, the ion concentration in solution is calculated and expressed by Nernst Equation. 13, 14 Some advantages of the ISE method can be reliability, robustness, selectivity, sensitivity and use of small sample volume. Moreover, it presents fast results and does not undergo interference due to changes in sample, such as lipemia, hemolysis, and jaundice, as only ionized particles of electrolytes are measured. These characteristics make the ISE an important methodology that can be applied in clinical and industrial trials. 15, 16 In most routine diagnostic laboratories, ISE is method of choice for Na + and K + assay. However, cost and complexity of integrating this technique into routine analyzers has taken to the development of more easily adaptable spectrophotometric methods. 17, 18 The kinetic method used to determine serum Na + concentration by enzymatic reaction has as principle the activation of reaction between sodium-dependent β-D-galactosidase and its substrate O-nitrophenyl-β-D-galactopyranose (ONPG) by converting it to Onitrophenyl and galactose by Na + present in the sample. The rate of formation of the product at 405 nm is proportional to amount of sodium present in the sample (Figure 1 ).
19-21
The enzymatic reaction for K + assay is based on conversion of phosphoenolpyruvate into pyruvate by K + dependent pyruvate kinase. In presence of reduced nicotinamide adenine dinucleotide (NADH), the pyruvate generated is converted to lactate in a reaction catalyzed by lactate dehydrogenase. The K + concentration present in the sample is proportional to reduction of the optical density at 380 nm as a function of NADH oxidation to nicotinamide adenine oxidized dinucleotide (NAD) (Figure 2 ).
17,21
The development of new enzymatic reagents has conferred stability to liquid form, allowing analysis of ions together other biochemical dosages, getting practicality to analytical process. 21 No research was done comparing the three different methodologies routinely employed. Thus, the present study aimed to compare use of flame photometry, ISE and colorimetric enzymatic in sodium and potassium determination in human serum.
| MATERIAL S AND ME THODS

| Sample
The The samples were sent to laboratory and centrifuged for 10 minutes at 1050 g. The supernatant serum was collected from blood samples for electrolyte assay and biochemical analysis. The samples with a lipemic or hemolysate aspect were not included in the study because they interfere with enzymatic colorimetric and flame photometry methodologies. 21 The total time to performing all the procedures was approximately 1 hour.
| Sodium and potassium analysis
The automated analysis by the ISE method is routinely performed 
| Statistical analysis
To characterize the sample, descriptive statistics were used, such as mean and standard deviation. The paired t test was used to compare Na + and K + rates by ISE method (reference in this study) with those obtained by flame photometry and by colorimetric enzymatic method. A 95% confidence interval and a significance level of 5% were adopted. Pearson's correlation was also used to evaluate the existence and level of correlation between variables. Data were analyzed using SPSS 19.0 (SPSS Inc., Chicago, United States).
| RE SULTS
Interference by endogenous and exogenous substances with assays for clinical analytes is a common problem in laboratory medicine.
Seventeen serum samples were excluded due to hemolysis and lipemia; hemolysis has a direct effect on several tests. 
| D ISCUSS I ON
Seventeen serum samples were excluded due to hemolysis and/ or lipemia, once they have a direct effect on several tests. According Although the literature date say that ISE does not undergo interference due to changes in the sample, such as lipemia and hemolysis, 15, 16 colorimetric enzyme and flame photometry methods can be impaired. Serum sodium and potassium disorders are common in both inpatients and out patients, especially in emergency patients, where disnatremias and discalemias are reported as independent predictors of mortality. 24 In this article, the results showed in Table 1 allow us to infer that methods are effective for Na + and K + assay.
There is a close physiological variation of electrolytic values, and the most varied morbid conditions can lead alterations of these values, disturbing the homeostasis of the electrolytes. 16 It is important to report that accuracy in determination of serum sodium concentration is essential for diagnosis and safe treatment of dysnatremias. 25 Assay of potassium should follow the same criteria, since its serum concentration range is small, as well as the organism's tolerance to these modifications. 10 Langhoff and Steiness, 26 with support of a potentiometric analyzer specific for sodium and potassium, obtained similar results like flame photometry and both instruments showed linearity within a physiological range for sodium and potassium concentrations. In addition, the instruments showed similar precisions, agreeing our study, since comparison of these methods there was no statistically difference between the Na + and K + assay.
In recent study conducted by Albert et al, 22 
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